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Multicomponent reactions (MCRs) have emerged as an
efﬁcient and powerful tool in modern organic chemistry for
the synthesis of complex and biologically potent molecules
from readily available substrates without isolation of interme-
diates in minimal time with maximum selectivity, high atom-
economy, high purity with excellent yields [28]. In addition,reactions carried out in aqueous medium are environmentally
safe and economical [5]. Moreover, heterogeneous catalysts
have advantages over homogeneous catalysts in terms of
recovery from the reaction mixture and reusability [3].
In recent years, much attention has been directed toward
the synthesis of polyhydroquinolines because of their diverse
therapeutic and pharmacological properties [15,7,23]. Particu-
larly, 4-substituted 1,4-dihydropyridines (1,4-DHPs) are the
key moiety in numerous biologically active compounds for
example, amlodipine, felodipine, isradipine, lacidipine, nifedi-
pine and nicardipine are the prominent drugs in the treatment
of cardiovascular diseases and hypertension as effective
calcium channel blockers [10,4]. Furthermore, recent studies
have revealed several other therapeutic applications that
include neuroprotective and platelet antiaggregative proper-
ties, cerebral antiischemic activity for the treatment of Alzhei-
mer’s disease and as chemosensitizer in tumor therapy [25,12].
One-pot synthesis of polyhydroquinolines 723Owing to the wide range of biological and medicinal appli-
cations, many methods have been developed including micro-
wave and ultrasound irradiation techniques [17,27], using
various catalytic systems such as Yb(OTf)3 [26], nickel
nanoparticles [24], ZnO-beta zeolite [22], cellulose sulfuric acid
[11], molecular iodine [13], Bakers’ yeast [2], PTSA [6],
MCM-41 [14], PPA-SiO2 [1], CAN [20], FeF3 [19] and ZrCl4
[21]. Although, most of these processes suffer from one or
several drawbacks such as longer reaction time, tedious
workup, harsh reaction conditions, unsatisfactory yields, use
of large quantity of environmentally toxic and expensive cata-
lysts. Thus, there is a necessity to develop a simple and efﬁcient
method for the preparation of such compounds in high yields
under mild reaction conditions.
In continuation of our studies toward the development of
novel methodologies for the synthesis of biologically potent
molecules [8,9], herein we report an efﬁcient and eco-friendly
one-pot multi-component protocol for the synthesis of polyhy-
droquinolines utilizing poly(4-vinylpyridinium)hydrogen
sulfate [P(4-VPH)HSO4] as heterogeneous catalyst in aqueous
medium.
2. Results and discussion
In the present study, we described an eco-synthesis of polyhy-
droquinolines (6a–p & 7a–d) via Hantzsch multicomponent
condensation of dimedone (1), aryl/heteryl aldehydes (2a–p
& 3a–d), ethylacetoacetate (4) and ammonium acetate (5)
utilizing an efﬁcient, eco-friendly, heterogeneous and recycla-
ble poly(4-vinylpyridinium)hydrogen sulfate [P(4-VPH)HSO4]
as a catalyst in aqueous medium with excellent yields. TheO
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Scheme 1 P(4-VPH)HSO4 catalyzed synthesis oschematic representation has been illustrated in Scheme 1.
The catalyst P(4-VPH)HSO4 and the pyrazole aldehydes
(3a–d) were prepared according to the literature procedures
[16,18].
In order to ﬁnd out the optimal conditions like temperature
and amount of catalyst, a modal reaction was performed with
dimedone (1), 4-chlorobenzaldehyde (2d), ethylacetoacetate (4)
and ammonium acetate (5) in aqueous medium at different
temperatures (rt, 60 C and reﬂux) without and with variant
amount (0.01, 0.02 and 0.03 g) of catalyst, and the results are
summarized in Table 1. From these observations (Table 1),
we found that 0.02 g of the catalyst at reﬂux temperature is
the optimistic condition for obtaining excellent yields in
shorter reaction time. We also observed, as the amount of
catalyst is greater than 0.02 g, the yield of the product has
slightly decreased due to the formation of unidentiﬁed impuri-
ties. By adopting the above optimized reaction conditions
(0.02 g of the catalyst, H2O, reﬂux), we have synthesized a
series of polyhydroquinoline derivatives (6a–p & 7a–d)
utilizing a variety of aryl and heteryl aldehydes in good yields
in shorter reaction time (Table 2).
The formation of polyhydroquinolines (6a–p & 7a–d) via
Hantzsch multicomponent condensation was established by
IR, 1H NMR and mass spectral data. From the FTIR spectra,
the presence of an absorption band ranging from 3203 to
3295 cm1 of imine (NH) and from 1H NMR spectra, appear-
ance of a singlet at 4.60–5.72 ppm of pyridine 4th proton,
molecular ion peak from the mass spectra and elemental anal-
yses data conﬁrm the product formation.
After completion of the reaction, the catalyst was recovered
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Table 1 Optimizing the reaction conditions.a
Entry P(4-VPH)HSO4 (g) Temperature (C) Time (min) Yieldb (%)
1 – rt 120 Trace
2 – 60 120 26
3 – Reﬂux 120 42
4 0.01 rt 60 37
5 0.01 60 30 54
6 0.01 Reﬂux 30 76
7 0.02 rt 60 46
8 0.02 60 30 83
9 0.02 Reﬂux 10 97
10 0.03 rt 60 58
11 0.03 60 10 81
12 0.03 Reﬂux 10 92
a Reaction conditions: dimedone (1 mmol), 4-chlorobenzaldehyde (1 mmol), ethylacetoacetate (1 mmol), ammonium acetate (3 mmol) and
P(4-VPH)HSO4 in aqueous medium.
b Isolated yields.
Table 2 P(4-VPH)HSO4 catalyzed synthesis of polyhydroquinolines via Hantzsch reaction.
a
Product Ar/R Time (min) Yieldb (%) Melting point (C)
Found Lit. [Refs.]
6a C6H5 15 96 202–204 202–204 [24]
6b 4-FC6H4 20 94 184–186 184–186 [26]
6c 2-ClC6H4 15 92 208–210 210–212 [14]
6d 4-ClC6H4 10 97 241–243 245–247 [24]
6e 4-MeC6H4 20 92 260–262 261–263 [24]
6f 4-OMeC6H4 20 90 255–257 255–257 [24]
6g 3,4-(OMe)2C6H3 15 94 198–200 197–199 [20]
6h 2-NO2C6H4 20 91 207–208 210–212 [14]
6i 3-NO2C6H4 20 92 182–184 178–180 [20]
6j 4-OHC6H4 10 91 234–235 231–233 [24]
6k 4-OH-3-OMeC6H3 15 94 219–221 225–227 [2]
6l 4-OH-3-OEtC6H3 15 92 195–197 –
6m 5-Br-2-OHC6H3 20 90 226–228 –
6n 3,5-Br2-2-OHC6H2 20 90 277–279 –
6o 5-Cl-2-OHC6H3 15 89 208–210 –
6p 4-NMe2C6H4 20 91 232–234 230–232 [24]
7a C6H5 10 92 217–218 –
7b 4-ClC6H4 5 96 249–251 –
7c 4-NO2C6H4 10 91 261–263 –
7d 4-MeC6H4 15 88 232–234 –
a Reaction conditions: dimedone (1 mmol), aryl/heteryl aldehyde (1 mmol), ethylacetoacetate (1 mmol), ammonium acetate (3 mmol) and P(4-
VPH)HSO4 (0.02 g), H2O (5 mL), reﬂux.
All the newly synthesized compounds were conﬁrmed with their spectral studies (IR, 1H NMR and mass) and known compound melting point
was compared with the literature values.
b Isolated yields.
724 B. Janardhan et al.dichloromethane, dried and reused for the subsequent reac-
tions, a slight decrease in activity was observed. For example,
the reaction of dimedone (1), 4-chlorobenzaldehyde (2d),
ethylacetoacetate (4) and ammonium acetate (5) gave the
corresponding polyhydroquinoline (6d) in 96%, 94%, 91%
and 88% yields over four additional cycles.
3. Experimental
All the reagents and solvents were purchased from Merck/Al-
drich and were used without further puriﬁcations. Melting
points were recorded on Stuart SMP30 apparatus (Bibby
Scientiﬁc Ltd., United Kingdom) and are uncorrected. Theprogress of the reactions as well as purity of the compounds
was monitored by thin layer chromatography with F254 sil-
ica-gel precoated sheets (Merck, Darmstadt, Germany) using
hexane/ethyl acetate (8:2) as eluent; UV light and iodine va-
pors were used for detection. IR spectra were recorded on Per-
kin–Elmer 100S spectrometer (Perkin–Elmer Ltd., United
Kingdom) using KBr disk. 1H NMR spectra were recorded
on Bruker 400 MHz spectrometer (Bruker Corporation Ltd.,
Germany) using DMSO-d6 as a solvent and TMS as an inter-
nal standard, and chemical shifts are expressed in parts per
million. Elemental analyses were performed on a Carlo-Erba
model EA1108 analytical unit (Triad Scientiﬁc Ltd., New
Jersey, USA) and the values are ±0.4% of theoretical values.
One-pot synthesis of polyhydroquinolines 725Mass spectra were recorded on a Jeol JMSD-300 spectrometer
(Jeol Ltd., Tokyo, Japan).
3.1. General procedure for the synthesis of polyhydroquinolines
(6a–p & 7a–d)
Poly(4-vinylpyridinium)hydrogen sulfate (0.02 g) was added to
a mixture of dimedone (1 mmol), ethylacetoacetate (1 mmol),
aryl/heteryl aldehyde (1 mmol) and ammonium acetate
(3 mmol) in 5 mL of water and stirred under reﬂux for an
appropriate time (Table 2). After completion of the reaction
(TLC monitoring), the solid separated out was ﬁltered, washed
with water, dried and crystallized from methanol/acetic acid to
afford the pure polyhydroquinoline derivatives. Aqueous layer
containing catalyst was recovered and reused for subsequent
reactions.
3.2. Spectroscopic data
3.2.1. Ethyl 4-(3-ethoxy-4-hydroxyphenyl)-2,7,7-trimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (6l)
White solid; IR (KBr) tmax (cm
1): 3282, 3203, 3077, 2958,
1689, 1615, 1511, 1488, 1380, 1270, 1215, 1072, 866, 780,
592; 1H NMR (400 MHz, DMSO-d6): d 0.87 (s, 3H, dime-
done-CH3), 1.01 (s, 3H, dimedone-CH3), 1.15 (t, J= 7.2 Hz,
3H, carboxylate-CH3), 1.28 (t, J= 6.8 Hz, 3H, ethoxy-CH3),
1.98 (d, J= 16.0 Hz, 1H, dimedone-CH2 (H-1)), 2.16 (d,
J= 16.4 Hz, 1H, dimedone-CH2 (H-2)), 2.25–2.43 (m, 5H,
pyridine-CH3, carboxylate-CH2), 3.85–3.91 (m, 2H,
dimedone-CH2), 3.96–4.01 (m, 2H, ethoxy-CH2), 4.73 (s, 1H,
pyridine-CH), 6.48–6.51 (m, 1H, Ar-H), 6.57 (d, J= 8.0 Hz,
1H, Ar-H), 6.68 (d, J= 8.0 Hz, 1H, Ar-H), 8.53 (s, 1H,
OH), 8.98 (s, 1H, NH); MS (ESI) m/z: 422 [M+Na]+; Anal.
Calcd. for C23H29NO5: C, 69.15; H, 7.32; N, 3.51; Found: C,
69.27; H, 7.64; N, 3.42.
3.2.2. Ethyl 4-(5-bromo-2-hydroxyphenyl)-2,7,7-trimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (6m)
Pale yellow solid; IR (KBr) tmax (cm
1): 3318, 3253, 3093,
2962, 1654, 1606, 1590, 1489, 1368, 1230, 1073, 818, 619; 1H
NMR (400 MHz, DMSO-d6): d 0.84 (s, 3H, dimedone-CH3),
1.01–1.06 (m, 6H, dimedone-CH3, carboxylate-CH3), 2.05
(d, J= 16.4 Hz, 1H, dimedone-CH2 (H-1)), 2.23
(d, J= 16.4 Hz, 1H, dimedone-CH2 (H-2)), 2.28–2.43 (m,
5H, pyridine-CH3, carboxylate-CH2), 3.87–3.97 (m, 2H, dime-
done-CH2), 4.89 (s, 1H, pyridine-CH), 6.65 (d, J= 8.8 Hz,
1H, Ar-H), 6.98 (d, J= 8.8 Hz, 1H, Ar-H), 7.07–7.10
(m, 1H, Ar-H), 9.28 (s, 1H, OH), 9.58 (s, 1H, NH); MS
(ESI) m/z: 435 [M+H]+; Anal. Calcd. for C21H24BrNO4: C,
58.07; H, 5.57; N, 3.22; Found: C, 58.26; H, 5.34; N, 3.41.
3.2.3. Ethyl 4-(3,5-dibromo-2-hydroxyphenyl)-2,7,7-trimethyl-
5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (6n)
Pale yellow solid; IR (KBr) tmax (cm
1): 3287, 3212, 3073,
2957, 1635, 1614, 1577, 1485, 1365, 1225, 1145, 667; 1H
NMR (400 MHz, DMSO-d6): d 0.94 (s, 3H, dimedone-CH3),
1.01–1.04 (m, 6H, dimedone-CH3, carboxylate-CH3), 2.13 (d,
J= 16.0 Hz, 1H, dimedone-CH2 (H-1)), 2.28–2.44 (m, 6H,
dimedone-CH2 (H-2), pyridine-CH3, carboxylate-CH2), 3.88–
3.95 (m, 2H, dimedone-CH2), 4.82 (s, 1H, pyridine-CH),6.88–6.91 (m, 1H, Ar-H), 7.48–7.50 (m, 1H, Ar-H), 9.56 (s,
1H, OH), 9.86 (s, 1H, NH); MS (ESI) m/z: 513 [M]+; Anal.
Calcd. for C21H23Br2NO4: C, 49.15; H, 4.52; N, 2.73; Found:
C, 49.26; H, 4.71; N, 2.60.
3.2.4. Ethyl 4-(5-chloro-2-hydroxyphenyl)-2,7,7-trimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (6o)
Pale yellow solid; IR (KBr) tmax (cm
1): 3317, 3253, 3096,
2961, 1654, 1608, 1591, 1490, 1368, 1230, 1122, 819, 643; 1H
NMR (400 MHz, DMSO-d6): d 0.84 (s, 3H, dimedone-CH3),
1.01–1.05 (m, 6H, dimedone-CH3, carboxylate-CH3), 2.06 (d,
J= 16.0 Hz, 1H, dimedone-CH2 (H-1)), 2.22–2.44 (m, 6H,
dimedone-CH2 (H-2), pyridine-CH3, carboxylate-CH2), 3.89–
3.94 (m, 2H, dimedone-CH2), 4.91 (s, 1H, pyridine-CH), 6.70
(d, J= 8.4 Hz, 1H, Ar-H), 6.85 (d, J= 8.4 Hz, 1H, Ar-H),
6.96–6.99 (m, 1H, Ar-H), 9.30 (s, 1H, OH), 9.58 (s, 1H,
NH); MS (ESI) m/z: 390 [M+H]+; Anal. Calcd. for C21H24-
ClNO4: C, 64.69; H, 6.20; N, 3.59; Found: C, 64.53; H, 6.33;
N, 3.72.
3.2.5. Ethyl 4-(1,3-diphenyl-1H-pyrazol-4-yl)-2,7,7-trimethyl-
5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (7a)
White solid; IR (KBr) tmax (cm
1): 3272, 3211, 3072, 2955,
1686, 1644, 1626, 1600, 1488, 1378, 1214, 740, 699; 1H NMR
(400 MHz, DMSO-d6): d 0.63 (t, J= 7.2 Hz, 3H, carboxyl-
ate-CH3), 0.96 (s, 3H, dimedone-CH3), 1.03 (s, 3H, dime-
done-CH3), 2.06 (d, J= 16.0 Hz, 1H, dimedone-CH2 (H-1)),
2.17–2.39 (m, 6H, dimedone-CH2 (H-2, 2H), pyridine-CH3),
3.24–3.28 (m, 1H, carboxylate-CH2 (H-1)), 3.67–3.75 (m, 1H,
carboxylate-CH2 (H-2)), 5.10 (s, 1H, pyridine-CH), 7.27 (t,
J= 7.2 Hz, 1H, Ar-H), 7.39 (d, J= 7.6 Hz, 1H, Ar-H),
7.44–7.48 (m, 4H, Ar-H), 7.77 (d, J= 8.4 Hz, 2H, Ar-H),
8.03 (s, 1H, pyrazole-H), 8.08 (d, J= 7.6 Hz, 2H, Ar-H),
9.03 (s, 1H, NH); MS (ESI) m/z: 482 [M+H]+; Anal. Calcd.
for C30H31N3O3: C, 74.82; H, 6.49; N, 8.73; Found: C,
74.96; H, 6.61; N, 8.54.
3.2.6. Ethyl 4-(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-
2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (7b)
White solid; IR (KBr) tmax (cm
1): 3269, 3207, 3070, 2955,
1688, 1645, 1628, 1599, 1487, 1378, 1214, 1080, 838, 741,
680; 1H NMR (400 MHz, DMSO-d6): d 0.68 (t, J= 7.2 Hz,
3H, carboxylate-CH3), 0.95 (s, 3H, dimedone-CH3), 1.03
(s, 3H, dimedone-CH3), 2.05 (d, J= 16.0 Hz, 1H, dimedone-
CH2 (H-1)), 2.17–2.39 (m, 6H, dimedone-CH2 (H-2, 2H),
pyridine-CH3), 3.34–3.39 (m, 1H, carboxylate-CH2 (H-1)),
3.73–3.78 (m, 1H, carboxylate-CH2 (H-2)), 5.04 (s, 1H, pyri-
dine-CH), 7.28 (t, J= 7.2 Hz, 1H, Ar-H), 7.44–7.53 (m. 4H,
Ar-H), 7.77 (d, J= 8.0 Hz, 2H, Ar-H), 8.06 (s, 1H, pyra-
zole-H), 8.13 (d, J= 8.4 Hz, 2H, Ar-H), 9.07 (s, 1H, NH);
MS (ESI) m/z: 516 [M]+; Anal. Calcd. for C30H30ClN3O3:
C, 69.83; H, 5.86; N, 8.14; Found: C, 69.97; H, 5.65; N, 8.32.
3.2.7. Ethyl 2,7,7-trimethyl-4-(3-(4-nitrophenyl)-1-phenyl-1H-
pyrazol-4-yl)-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (7c)
Pale yellow solid; IR (KBr) tmax (cm
1): 3275, 3219, 3084,
2958, 2926, 1698, 1656, 1634, 1603, 1542, 1516, 1491, 1379,
1338, 1208, 1078, 706; 1H NMR (400 MHz, DMSO-d6): d
726 B. Janardhan et al.0.66 (t, J= 7.2 Hz, 3H, carboxylate-CH3), 0.94 (s, 3H,
dimedone-CH3), 1.02 (s, 3H, dimedone-CH3), 2.05 (d,
J= 16.0 Hz, 1H, dimedone-CH2 (H-1)), 2.17–2.39 (m, 6H,
dimedone-CH2 (H-2, 2H), pyridine-CH3), 3.39–3.43 (m, 1H,
carboxylate-CH2 (H-1)), 3.70–3.75 (m, 1H, carboxylate-CH2
(H-2)), 5.08 (s, 1H, pyridine-CH), 7.30 (t, J= 7.2 Hz, 1H,
Ar-H), 7.48 (t, J= 8.4 Hz, 2H, Ar-H), 7.81–7.83 (m, 2H,
Ar-H), 8.15 (s, 1H, pyrazole-H), 8.33–8.44 (m, 4H, Ar-H),
9.11 (s, 1H, NH); MS (ESI) m/z: 527 [M+H]+; Anal. Calcd.
for C30H30N4O5: C, 68.43; H, 5.74; N, 10.64; Found: C,
68.65; H, 5.53; N, 10.76.
3.2.8. Ethyl 2,7,7-trimethyl-5-oxo-4-(1-phenyl-3-(p-tolyl)-1H-
pyrazol-4-yl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate
(7d)
White solid; IR (KBr) tmax (cm
1): 3271, 3205, 3071, 2955,
2868, 1686, 1646, 1628, 1600, 1536, 1489, 1378, 1214, 1079,
830, 740, 680; 1H NMR (400 MHz, DMSO-d6): d 0.66 (t,
J= 7.2 Hz, 3H, carboxylate-CH3), 0.96 (s, 3H, dimedone-
CH3), 1.03 (s, 3H, dimedone-CH3), 2.05 (d, J= 16.0 Hz,
1H, dimedone-CH2 (H-1)), 2.17–2.21 (m, 4H, dimedone-
CH2 (H-2), pyridine-CH3), 2.37 (s, 5H, dimedone-CH2,
Ar-CH3), 3.26–3.31 (m, 1H, carboxylate-CH2 (H-1)), 3.70–3.75
(m, 1H, carboxylate-CH2 (H-2)), 5.08 (s, 1H, pyridine-CH),
7.26 (d, J= 8.0 Hz, 3H, Ar-H), 7.45 (t, J= 7.6 Hz, 2H,
Ar-H), 7.75 (d, J = 8.4 Hz, 2H, Ar-H), 7.95 (d,
J= 8.0 Hz, 2H, Ar-H), 7.99 (s, 1H, pyrazole-H), 9.01
(s, 1H, NH); MS (ESI) m/z: 496 [M+H]+; Anal. Calcd.
for C31H33N3O3: C, 75.13; H, 6.71; N, 8.48; Found:
C, 75.29; H, 6.86; N, 8.30.
4. Conclusion
In conclusion, we have developed a practical, mild and rapid
procedure for the synthesis of polyhydroquinolines employing
Hantzsch multicomponent condensation strategy in aqueous
medium. This method furnishes the products very quickly with
excellent yields, involving simple workup procedure and does
not harm the environment.Acknowledgments
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